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Description 



[FLASH MEMORY DEVICE STRUCTURE 
AND MANUFACTURING METHOD 
THEREOF] 

Cross Reference to Related Applications 

[0001] This application is a divisional of a prior application serial 
no. 10/249,362, filed April 03, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a non-volatile memory 
(NVM) device. More particularly, the present invention re- 
lates to a flash memory device structure and manufactur- 
ing method thereof. 

[0004] Description of Related Art 

[0005] Flash memory is a memory device that allows multiple 

data writing, reading, and erasing operations. In addition, 
the stored data will be retained even after power to the 
device is removed. With these advantages, it has been 



broadly applied in personal computer and electronic 
equipment. 

[0006] a typical flash memory device has a floating gate and a 
control gate fabricated using doped polysilicon. The con- 
trol gate is set up above the floating gate with an inter- 
gate dielectric layer separating the two. Furthermore, a 
tunneling oxide layer is also setup between the floating 
gate and an underlying substrate (the so-called stack gate 
flash memory). 

[0007] jo wr j te data into the flash memory, a bias voltage is ap- 
plied to the control gate and the source/drain regions so 
that an electric field is set up to inject electrons into the 
floating gate. On the other hand, to read data from the 
flash memory, an operating voltage is applied to the con- 
trol gate. Since the entrapment of charges inside the 
floating gate will directly affect the opening or closing of 
the underlying channel, the opening or closing of the 
channel can be construed as a data value of "1" or "0". Fi- 
nally, to erase data from the flash memory, the relative 
potential between the substrate and the drain (source) re- 
gion or the control gate is raised. Hence, tunneling effect 
can be utilized to transfer electrons from the floating gate 
to the substrate or drain (source) via the tunneling oxide 



layer (the so-called substrate erase or drain (source) side 
erase) or from the floating gate to the control gate via the 
inter-gate dielectric layer. 
[0008] pig. 1 is a schematic cross-sectional view of the stack gate 
structure of a conventional flash memory (according to 
U.S. Patent No. 6,214,668). As shown in Fig. 1, the flash 
memory comprises of a P-type substrate 100, a deep N- 
well region 102, a P-well region 104, a stack gate struc- 
ture 106, a source region 108, a drain region 110, spacers 
112, an inter-layer dielectric layer 114, a contact 116 and 
a conductive line 118. The deep N-well region 102 is em- 
bedded within the P-type substrate 100 and the stack 
gate structure 106 is set up over the P-type substrate 
100. The stack gate structure 106 furthermore comprises 
a tunneling oxide layer 120, a floating gate 122, an inter- 
gate dielectric layer 124, a control gate 126 and a gate 
cap layer 128. The source region 108 and the drain region 
110 are located within the P-type substrate 100 on each 
side of the stack gate structure 106. The spacers 112 are 
attached to the sidewalls of the stack gate structure 106. 
The P-type well region 104 is within the deep N-well re- 
gion 102 and extends from the drain region 110 to the 
area underneath the stack gate structure 106. The inter- 



layer dielectric layer 114 is above the P-type substrate 
100. The contact 116 passes through the inter-layer di- 
electric layer 114 and the P-type substrate 100 and short- 
circuits the drain region 110 and the P-type well region 
104. The conductive line 118 is positioned over the inter- 
layer dielectric layer 114 but is electrically connected to 
the contact 116. 
[0009] However, as the level of integration of integrated circuits 
increases and the miniaturization of devices continues, 
some problems arise. For example, in order to increase 
the level of integration of a memory device, dimension of 
each flash memory cell must be reduced. One method of 
reducing overall memory cell dimension is to shorten the 
gate length and the separation between data lines. How- 
ever, reducing the gate length will shorten the channel 
layer underneath the tunneling oxide layer 120 rendering 
an electric punch-through between the drain region 110 
and the source region 108 more probable. Should such 
electrical punch-through occur within the device, electri- 
cal performance of the memory cell will be seriously com- 
promised. In addition, the photolithographic process used 
for fabricating the flash memory also has the so-called 
critical dimension problem, thereby setting a lower limit 



to the ultimate cell dimension. Furthermore, the drain re- 
gion 110 and the P-well region 104 are short-circuited 
together and the P-type well region 104 extends from the 
drain region 110 into the area underneath the stack gate 
structure 106. Hence, the P-type well region 104 may not 
have sufficient thickness in the lateral direction to enclose 
the drain region (N+ doped). When the memory cell is 
programmed, the source region receives a voltage of 
about 6V so that the drain region is at 0V. With this volt- 
age setup, a NPN junction may break down leading to 
some adverse effect on a nearby flash memory cell. Thus, 
the ultimate level of integration in a conventional flash 
memory structure is severely limited. 
Summary of Invention 

[0010] Accordingly, one object of the present invention is to pro- 
vide a flash memory device structure and manufacturing 
process thereof capable of preventing punch- through 
between a source region (at 6V) and a drain region (at 0V) 
while performing a programming operation. In the mean- 
time, the level of integration of the memory device is also 
increased. 

[0011] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 



broadly described herein, the invention provides a flash 
memory device structure. The flash memory device struc- 
ture comprises a first conductive type substrate, a second 
conductive type first well region, a tunnel dielectric layer, 
a first floating gate, a second floating gate, an inter-gate 
dielectric layer, a first control gate, a second control gate, 
an insulating layer, a spacer, a source region, a drain re- 
gion, a first conductive type second well region and a first 
conductive type pocket doping region. The first conduc- 
tive type substrate has an opening and the second con- 
ductive type first well region is embedded within the first 
conductive type substrate. The tunnel dielectric layer cov- 
ers the bottom area as well as the sidewalls of the open- 
ing. The first floating gate and the second floating gate 
are attached to the respective tunnel dielectric layer on 
the sidewalls of the opening. The inter-gate dielectric 
layer is set up over the first floating gate and the second 
floating gate. The first control gate and a second control 
gate are set up over the first conductive type substrate. 
The first control gate extends to cover the sidewall of the 
first floating gate and the second control gate extends to 
cover the sidewall of the second floating gate. The insu- 
lating layer is positioned within the space between the 



first control gate and the second control gate. The spacer 
is attached to the sidewall of the first control gate and the 
second control gate respectively. The source region is set 
up within the first conductive type substrate at the bottom 
section of the opening. The drain region is set up within 
the first conductive type substrate just below the spacer. 
The first conductive type second well region is set up 
within the second conductive type first well region and 
that the junction between the first conductive type second 
well region and the second conductive type first well re- 
gion is higher than the bottom section of the opening. 
The first conductive type pocket doping region is set up 
within the first conductive type substrate adjacent to the 
opening sidewalls and the first conductive type pocket 
doping region is connected to the first conductive type 
second well region and the source region. 
[0012] | n t he aforementioned structure, the drain region and the 
first conductive type second well region are electrically 
short-circuited together. The electrical short-circuit is 
achieved through a contact that passes through the junc- 
tion between the drain region and the first conductive 
type second well region. Furthermore, the structure fur- 
ther comprises an inter-layer dielectric layer over the first 



conductive type substrate and a conductive line over the 
inter-layer dielectric layer. The conductive line is electri- 
cally connected to the contact. 

[0013] | n the flash memory device structure of this invention, the 
gate structure (the tunnel dielectric layer, the floating 
gate, the inter-gate dielectric layer and the control gate) is 
set up on the sidewalls of the opening within the first 
conductive type substrate. Furthermore, the drain region 
and the source region are set up within the first conduc- 
tive type substrate near the top section and the bottom 
section of the opening respectively. The channel region is 
set up within the P-type substrate (a vertical channel re- 
gion) on the sidewall of the opening. By controlling depth 
of the opening, a channel having a desired length can be 
precisely manufactured. Hence, channel length reduction 
due to miniaturization is prevented and overall level of in- 
tegration is increased. 

[0014] This invention also provides a method of fabricating a 
flash memory device. First, a first conductive type sub- 
strate is provided. The substrate has a second conductive 
type first well region therein. A liner layer and a mask 
layer are sequentially formed over the substrate. The 
mask layer, the liner layer and the substrate are sequen- 



tially patterned to form an opening in the substrate. A 
tunnel dielectric layer is formed over the interior surface 
of the opening. Thereafter, a first conductive type pocket 
doping region is formed in the substrate next to the 
opening sidewalls. A first floating gate and a second 
floating gate are formed on the sidewalls of the opening 
and then a source region is formed at the bottom section 
of the opening. An inter-gate dielectric layer is formed 
over the interior surface of the opening. A first control 
gate and a second control gate are formed on the side- 
walls of the opening. The first control gate extends to 
cover the sidewall of the first floating gate and the second 
control gate extends to cover the sidewall of the second 
floating gate. Next, the mask layer and the liner layer are 
removed and then a drain region is formed within the 
substrate. A first conductive type second well region is 
formed within the second conductive type first well re- 
gion. The junction between the first conductive type sec- 
ond well region and the second conductive type first well 
region is at a higher level than the bottom section of the 
opening. An insulating layer is formed in the space be- 
tween the first control gate and the second control gate. 
First spacers are formed on the sidewalls of the first con- 



trol gate and the second control gate. After forming an in- 
ter-layer dielectric layer over the substrate, a contact is 
formed within the inter-layer dielectric layer. The contact 
forms a short circuit connection between the drain region 
and the first conductive type second well region. Finally, a 
conductive line is formed over the inter-layer dielectric 
layer so that the conductive line and the contact are elec- 
trically connected. 

[0015] | n the aforementioned method of fabricating the flash 

memory device, the step of forming the first floating gate 
and the second floating gate adjacent to the sidewalls of 
the opening is carried out before forming a first conduc- 
tive layer that fills the opening. Thereafter, a portion of 
the first conductive layer is removed so that the upper 
surface of the first conductive layer is at a level slightly 
lower than the upper surface of the substrate and then 
second spacers are formed on the sidewalls of the mask 
layer. Using the mask layer and the second spacers as a 
mask, part of the first conductive layer is removed to form 
the first floating gate and the second floating gate. Fi- 
nally, the second spacers are removed. 

[0016] | n the aforementioned method of fabricating the flash 

memory device, the step of forming the first control gate 



and the second control gate adjacent to the sidewalls of 
the opening is carried out before forming a second con- 
ductive layer that fills the opening. Thereafter, a portion 
of the second conductive layer is removed so that the up- 
per surface of the second conductive layer is at a level 
lower than the upper surface of the mask layer but higher 
than the floating gate. Third spacers are formed on the 
sidewalls of the mask layer. Using the mask layer and the 
third spacers as a mask, part of the second conductive 
layer is removed to form the first control gate and the 
second control gate. Finally, the third spacers are re- 
moved. 

[0017] The gate structure (including the tunnel dielectric layer, 
the floating gate, the inter-gate dielectric layer and the 
control gate) of this invention is formed inside the sub- 
strate adjacent to the sidewalls of the opening. In addi- 
tion, the drain region and the source region are formed in 
the substrate around the top section and the bottom sec- 
tion of the opening respectively. The channel region is 
formed within the substrate parallel to the sidewalls of the 
opening (a perpendicular channel region). By controlling 
depth of the opening, a channel having a desired length 
can be precisely manufactured. Hence, channel length re- 



duction due to miniaturization is prevented and overall 
level of integration is increased. 

[0018] Furthermore, the floating gates and the control gates are 
formed by forming spacers over the mask layer and then 
etching the conductive layer using the spacers and mask 
layer as an etching mask. Since the fabrication process 
does not require photolithographic technique, process 
window is increased and process cost is reduced. 

[0019] Because the entire gate structure has a vertical orienta- 
tion, lateral NPN breakdown is prevented when the P-type 
well region is formed. In addition, unlike conventional Bi- 
NOR gate memory cell that requires good NPN isolation 
and hence demands a lateral drive-in for the P-type well 
region to increase the NPN range, no lateral drive-in is re- 
quired in this invention. In other words, deterioration of 
quality at the interface between the inter-gate dielectric 
layer (oxide/nitride/oxide ONO) and the tunneling oxide 
layer due to thermal treatment can be avoided. 

[0020] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 



[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0022] pig. 1 is a schematic cross-sectional view of the stack gate 
structure of a conventional flash memory. 

[0023] pig. 2 is a schematic cross-sectional view of a flash mem- 
ory cell according to one preferred embodiment of this in- 
vention. 

[0024] Figs. 3A to 3H are schematic cross-sectional views show- 
ing the steps for fabricating a flash memory cell according 
to one preferred embodiment of this invention. 
Detailed Description 

[0025] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0026] Fig. 2 is a schematic cross-sectional view of a flash mem- 
ory cell according to one preferred embodiment of this in- 



vention. As shown in Fig. 2, the flash memory cell com- 
prises a P-type substrate 200, a deep N-well region 202, 
a P-well region 204, a pocket doping region 204a, a first 
gate structure 206a, a second gate structure 206b, a 
source region 208, a drain region 210, spacers 212, an 
insulating layer 214, contacts 216, an inter-layer dielec- 
tric layer 218 and a conductive line 220. The first gate 
structure 206a further comprises a tunnel dielectric layer 
222, a floating gate 224a, an inter-gate dielectric layer 
226 and a control gate 228a. Similarly, the second gate 
structure 206b further comprises the tunnel dielectric 
layer 222, a floating gate 224b, the inter-gate dielectric 
layer 226 and a control gate 228b. 
[0027] The P-type substrate 200 has an opening 230. The deep 
N-well region 202 is embedded within the P-type sub- 
strate. The first gate structure 206a and the second gate 
structure 206b are set next to the sidewalls of the open- 
ing 230. The tunnel dielectric layer 222 is set to cover the 
bottom section and the sidewall section of the opening 
230. The floating gates 224a and 224b are attached to 
the tunnel dielectric layer 222 on the respective sidewalls 
of the opening 230. The inter-gate dielectric layer 226 is 
set over the floating gates 224a and 224b. The control 



gates 228a and 228b are positioned within the opening 
230 above the P-type substrate 200. The control gate 
228a extends to cover the sidewall of the floating gate 
224a and the control gate 228b extends to cover the 
sidewall of the floating gate 224b. The insulating layer 
214 is set within the space between the first gate struc- 
ture 206a and the second gate structure 206b. The spac- 
ers 212 are set next to the sidewall of the control gates 
228a and 228b respectively. The source region 208 is set 
within the P-type substrate 200 at the bottom of the 
opening 230 and the drain region 210 is set up in the P- 
type substrate 202 underneath the spacer 212. The P-well 
region 204 is set within the deep N-well region 202 with 
the junction between the P-well region 204 and the deep 
N-well region 202 at a level higher than the bottom sec- 
tion of the opening 230. The P-type pocket doping region 
204a is set up in the P-type substrate 200 on the sidewall 
of the opening 230. The upper and the lower surface of 
the P-type pocket doping region 204a are in contact with 
the P-well region 204 and the source region 208 respec- 
tively. The inter-layer dielectric layer 218 is set over the 
P-type substrate 200. The contact 216 is set under the in- 
ter-layer dielectric layer 218. The contact 216 passes 



through the junction between the drain region 210 and 
the P-well region 204 such that the two are short-cir- 
cuited together. The conductive line 220 is set over the 
inter-layer dielectric layer 218 and the conductive line 
220 and the contact 216 are electrically connected. 

[0028] | n the aforementioned embodiment of this invention, the 
first gate structure 206a and the second gate structure 
206b are set up within the P-type substrate 200 next to 
the sidewall of the opening 230. Furthermore, the drain 
region 210 and the source region 208 are set up close to 
the top and bottom portion of the sidewall next to the 
opening 230. Hence, the channel regions 232a and 232b 
are set up within the P-type substrate just outside the 
opening 230 (a vertical channel region). By controlling 
depth of the opening, a channel having a desired length 
can be precisely manufactured. Hence, channel length re- 
duction due to miniaturization is prevented and overall 
level of integration is increased. 

[0029] pigs. 3A to 3H are schematic cross-sectional views show- 
ing the steps for fabricating a flash memory cell according 
to one preferred embodiment of this invention. First, as 
shown in Fig. 3A, a substrate 300 such as a P-type sub- 
strate with device isolation structure (not shown) therein 



is provided. The device isolation structure forms a pattern 
of lines that partitions the substrate 300 into active re- 
gions. The device isolation structures are field oxide lay- 
ers formed by local oxidation (LOCOS) or shallow trench 
isolation (STI) structures. A deep N-well region 302 is 
formed within the P-type substrate 300 and then a liner 
layer 304 is formed over the P-type substrate 300. The 
liner layer 304 is, for example, a silicon oxide layer fabri- 
cated by performing a thermal oxidation process. Typi- 
cally, the liner layer 304 has a thickness between about 
lOOAto 150A. Thereafter, a mask layer 306 is formed over 
the liner layer 304. The mask layer 306 is, for example, a 
silicon nitride layer formed by chemical vapor deposition 
(CVD). The mask layer 306, the liner layer 304 and the 
substrate 300 are sequentially patterned to form an open- 
ing 308 in the substrate 300. 
[0030] As shown in Fig. 3B, a tunnel dielectric layer 310 is 

formed over the bottom and sidewall section of the open- 
ing 308. The tunnel dielectric layer 310 is, for example, a 
silicon oxide layer formed by performing a thermal oxida- 
tion process. Typically, the tunnel dielectric layer 310 has 
a thickness between about 90Ato 100A. Next, dopants are 
implanted into the sidewalls of the opening 308 to form a 



pocket doping region 312. For example, dopants such as 
P-type ions at an implant energy level of between 30 to 

12 2 

50 KeV and a dosage of about 1x10 atoms/cm are im- 
planted into the sidewall at a slant angle between 15° to 
30°. Thereafter, a conductive layer (not shown) that com- 
pletely fills the opening 308 is formed over the substrate 
300. The conductive layer is, for example, a doped 
polysilicon layer formed by performing a chemical vapor 
deposition process followed by an ion implantation. A 
portion of the conductive layer is removed, for example, 
by performing an etching back process to form a conduc- 
tive layer 314 having an upper surface slightly lower than 
the upper surface of the substrate 300. 
[0031] As shown in Fig. 3C, spacers 316 are formed on the side- 
walls of the mask layer 306. The spacers 316 are fabri- 
cated using a material having an etching selectivity that 
differs from the conductive layer 314 including, for exam- 
ple, silicon oxide. The spacers 316 are formed, for exam- 
ple, by depositing insulating material over the substrate 
300 to form an insulating layer (not shown) and then per- 
forming an anisotropic etching process to remove a por- 
tion of the insulating layer. Thereafter, using the mask 
layer 306 and the spacers 316 as an etching mask, the 



conductive layer 314 is etched to form conductive layers 
3 14a and 3 14b on the sidewalls of the substrate 300. The 
conductive layers 314a and 314b serve as floating gates 
of the flash memory cell. 
[0032] a s shown in Fig. 3D, after removing the spacers 316, 

dopants are implanted into the substrate 300 at the bot- 
tom section of the opening 308 to form a source region 
318. For example, dopants such as N-type ions with a 
dosage of about 4xl0 15 atoms/cm 2 are implanted into 
the substrate 300. Thereafter, an inter-gate dielectric 
layer 320 is formed over the substrate 300. The inter-gate 
dielectric layer is, for example, a composite layer with a 
silicon oxide layer with a thickness of about 60A at the 
bottom, a silicon nitride layer with a thickness of about 
70A in the middle and another oxide layer with a thick- 
ness of about 60A at the top. The inter-gate dielectric 
layer 320 is formed, for example, by performing a thermal 
oxidation process to form a silicon oxide layer and then 
performing a low-pressure chemical vapor deposition 
process to form a silicon nitride layer and another silicon 
oxide layer. Obviously, the inter-gate dielectric layer 320 
can also be a silicon oxide layer or an oxide/nitride com- 
posite layer. Another conductive layer 322 is formed over 



the substrate 300 that completely fills the opening 308. 
The conductive layer 322 is, for example, a doped polysil- 
icon layer formed by performing a chemical vapor deposi- 
tion process to form an undoped polysilicon followed by 
performing an ion implantation process. 
[0033] As shown in Fig. 3E, a portion of the conductive layer 322 
is removed to form a conductive layer 324 having an up- 
per surface below the upper surface of the upper surface 
of the mask layer 306 but above the upper surface of the 
substrate 300. The conductive layer 324 is formed, for 
example, by etching back the conductive layer 322. 
Thereafter, spacers 326 are formed on the sidewalls of the 
mask layer 306. The spacers 326 are fabricated using a 
material having an etching selectivity that differs from the 
conductive layer 324 including, for example, silicon oxide. 
The spacers 326 are formed, for example, by deposition 
insulating material over the substrate 300 to form an in- 
sulating layer (not shown) and removing a portion of the 
insulating layer by performing an anisotropic etching pro- 
cess. 

[0034] As shown in Fig. 3F, using the mask layer 306 and the 

spacers 326 as an etching mask, the conductive layer 324 
is etched to form conductive layers 324a and 324b that 



extend to cover the sidewalls of the conductive layers 
314a and 314b above the substrate 300. The conductive 
layers 324a and 324b serve as control gates of the flash 
memory cell. The conductive layer 324a, the inter-gate 
dielectric layer 320, the conductive layer 314a, the tunnel 
dielectric layer 310 together form a gate structure 325a. 
Similarly, the conductive layer 324b, the inter-gate dielec- 
tric layer 320, the conductive layer 314b and the tunnel 
dielectric layer 310 together form a gate another gate 
structure 325b. Thereafter, the spacers 326, the mask 
layer 306 and the liner layer 304 are removed, for exam- 
ple, by performing a wet etching process. Dopants are 
next implanted into the substrate 300 near the top sec- 
tion of the opening 308 to form a drain region 328. For 
example, dopants such as N-type ions at a dosage about 
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4x10 atoms/cm are implanted into the substrate 300. 
[0035] As shown in Fig. 3G, a P-well region 330 is formed inside 
the deep N-well region 302. The P-well region 330 is 
formed, for example, by implanting ions into the sub- 
strate at an implant dosage of about lxlO 13 atoms/cm 2 . 
Thereafter, an insulating layer 332 is formed in the space 
between the conductive layers 324a and 324b and spacers 
334 are formed on the sidewalls of the conductive layers 



324a and 324b. The spacers 334 and the insulating layer 
332 are formed, for example, by depositing insulating 
material over the substrate 300 and into the space be- 
tween the conductive layers 324a and 324b to form an in- 
sulating material layer (not shown) and removing a por- 
tion of the insulating material layer in an anisotropic etch- 
ing. 

[0036] As shown in Fig. 3H, an inter-layer dielectric layer 336 is 
formed over the substrate 300. The inter-layer dielectric 
layer 336 is formed, for example, by performing a chemi- 
cal vapor deposition process using a material including 
borophosphosilicate glass (BPSG) or phosphosilicate glass 
(PSC). A chemical-mechanical polishing is carried out to 
planarize the upper surface of the inter-layer dielectric 
layer 340. Thereafter, contacts 338 made from tungsten 
material, for example, are formed within the inter-layer 
dielectric layer 336. The contacts 338 pass through the 
junction between the drain region 328 and the P-well re- 
gion 330 so that the drain region 328 and the P-well re- 
gion 330 are short-circuited together. A conductive line 
340 having electrical connection with the contacts 338 is 
formed over the inter-layer dielectric layer 336. The con- 
ductive layer 340 is formed, for example, by depositing 



conductive material over the substrate 300 to form a con- 
ductive layer (not shown) and then performing photolitho- 
graphic and etching processes to form a pattern of linear 
conductive lines. Since subsequent processes for com- 
pleting the fabrication of a flash memory cell should be 
familiar, detail descriptions of these steps are omitted 
here. 

[0037] | n t his invention, the gate structures 325a and 325b are 
formed on the sidewalls of the opening 308 within the 
substrate 300. Furthermore, the drain region 328 and the 
source region 318 are formed in the substrate 300 close 
to the top and the bottom section of the opening 308. The 
channel region is set up within the substrate 300 just out- 
side the opening 308 (a vertical channel region). By con- 
trolling depth of the opening, a channel having a desired 
length can be precisely manufactured. Hence, channel 
length reduction due to miniaturization is prevented and 
overall level of integration is increased. 

[0038] Furthermore, the floating gates (the conductive layers 

314a, 314b) are formed by forming spacers 316 over the 
mask layer 306 and then etching the conductive layer 314 
using the spacers 316 and the mask layer 306 as an etch- 
ing mask. Since the fabrication process does not require 



photolithographic technique, process window is increased 
and process cost is reduced. Similarly, the control gates 
(the conductive layers 324a, 324b) are formed by forming 
spacers 326 over the mask layer 306 and then etching the 
conductive layer 324 using the spacers 326 and the mask 
layer 306 as an etching mask. Again, process window is 
increased and process cost is reduced because pho- 
tolithographic technique is not required. 

[0039] Because the entire gate structure has a vertical orienta- 
tion, lateral NPN breakdown is prevented when the P-type 
well region is formed. In addition, unlike conventional Bi- 
NOR gate memory cell that requires good NPN isolation 
and hence demands a lateral drive-in for the P-type well 
region to increase the NPN range, no lateral drive-in is re- 
quired in this invention. In other words, deterioration of 
quality at the interface between the inter-gate dielectric 
layer (oxide/nitride/oxide ONO) and the tunneling oxide 
layer due to thermal treatment can be avoided. 

[0040] it W i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 



variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



